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Human Abdominal Aortic Aneurysms
Immunophenotypic Analysis Suggesting
an Immune-mediated Response
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Cellular immunity may play a role in the patho-
genesis ofatherosclerosis. In this report thepotential
role of these cells in the formation of abdominal
aortic aneurysms by immunohistochemistry was
investigated. Aortic tissues from 32 patients were
examined: 4 normal aortas, 6 aortas with occlusive
atherosclerotic disease, 17 abdominal aortic aneu-
rysms, and 5 inflammatory abdominal aneurysms.
Using monoclonal anti-CD3 (T cells), anti-CD19
(B cells), anti-CD1 c (macrophages), anti-CD4 (T
helper cells), and anti-CD8 (T suppressor cells),
several distinctions among thesegroups werefound.
The amount of inflammatory cell infiltrate was as
follows: inflammatory aneurysms more than ab-
dominal aortic aneurysms more than occlusive
aortas more than normal aortas. CD3-positive T
lymphocytes rarely werefound in the adventitia of
normal or occlusive aortas. In contrast, abdominal
aortic aneurysms and inflammatory aneurysms
exhibited most ofthe CD3-positive infiltrates in the
adventitia. CD 19-positive B lymphocytes werepres-
ent mainly in the adventitia ofallpathologic tissues.
The CD4-positive:CD8-positive ratio was greater in
abdominal aortic aneurysms and inflammatory
aneurysms than in the other groups, both in the
adventitia and in the media of the aortas. CDI Ic-
positive macrophages werepresent throughout the
diseased tissues, often surrounded by lymphoid ag-
gregates; the greatest numbers ofmacrophages were
found in the inflammatory aneurysm group. Our
data suggests that the aneurysmal disease maypro-
gressfrom occlusive disease and is accompanied by
an increase in chronic inflammatory cells as well

as a redistribution of these cell types. Therefore it
is suggested that aneurysmal disease may represent
an immune-mediated event. (Am J Pathol 1990,
137:1199-1213)

The aortic atherosclerotic plaque is characterized by in-
timal cell proliferation, lipid accumulation, and an increase
in connective tissue.1 Clinical symptoms often are caused
by ulceration of an atherosclerotic plaque, by arterial oc-
clusion, or by perforation of a dilated aneurysm.

Smooth muscle cell proliferation is a key event in the
development and progression of atherosclerosis, but the
role of other cell types, such as inflammatory cells, is less
well defined.2 Mononuclear cells, including lymphocytes
and monocytes, are among the first participants in the
early phases of experimental and spontaneous athero-
genesis.2 Joris et al3 and Emeson et al2 demonstrated
that there are mononuclear infiltrates in human coronary
arteries of children and adults dying of acute trauma. In-
deed cellular infiltrates have been found in early human
fatty streaks, diffuse intimal thickening, as well as in com-
plicated atherosclerotic plaques.4- To date, much atten-
tion has been paid to the histologic changes found in the
intimas of diseased arteries, with very little attention paid
to the adventitial and medial areas of the aortas.

Because inflammatory cells appear to be important in
the immunopathogenesis of atherosclerosis, they may also
be involved in the formation of aneurysms. Atherosclerosis
is the most common cause of abdominal aortic aneurysms
in Western societies, although mycotic aneurysms, sec-
ondarily infected atherosclerotic aneurysms, aneurysms
associated with connective tissue disorders such as Mar-
fan's syndrome, aneurysms due to Takayasu's arteritis,
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and inflammatory aneurysms occur.7-12 Whether 'inflam-
matory aneurysms' are a variant of atherosclerotic aneu-
rysms or represent a separate periaortic inflammatory
process characterized by adventitial inflammation and fi-
brosis is not clear.13

Human aortic aneurysmal tissues have not been an-
alyzed using inflammatory cell-specific monoclonal anti-
bodies to determine whether cells of the immune system
play a role in aneurysm formation. To this end, monoclonal
antibodies directed against surface antigens of B cells,
macrophages, and T cells and their subsets were used
to compare the frequency and distribution of these cell
types in normal aortas, abdominal aortic aneurysms, in-
flammatory abdominal aortic aneurysms, and occlusive
atherosclerotic aortic diseases. We present evidence
suggesting involvement of inflammatory cells in the de-
velopment of not only inflammatory abdominal aortic
aneurysms but also noninflammatory abdominal aortic
aneurysms, as well as occlusive aortas.

Materials and Methods

Tissue Samples

Tissue samples of infrarenal abdominal aortas were ob-
tained from 32 patients. These tissues included 4 normal
aortas obtained at autopsy. These specimens were com-
pared with abdominal aortic samples obtained during sur-
gery for occlusive aortic disease (6 patients), and abdom-
inal aortic aneurysmal disease (23 patients). Occlusive
aortas were atherosclerotic aortas without an enlarged
diameter. Among the 23 patients with abdominal aortic
aneurysmal disease, 5 were classified as inflammatory
aneurysms, while 17 were classified as abdominal aortic
aneurysms. Inflammatory abdominal aortic aneurysms
were clinically defined by the white glistening appearance
of the adventitia at the time of surgery. In addition, they
adhered to surrounding structures such as the duodenum,
inferior vena cava, left renal vein, or ureters, and often
were associated with retroperitoneal fibrosis. Each of the
surgical patients gave informed signed consent before
donating tissue.

In addition, to confirm the reactivity patterns of the
monoclonal antibodies studied, normal lymph node and
splenic tissues were obtained from patients at autopsy
within 4 hours of death.

Monoclonal Antibodies

For most cases, five monoclonal antibodies were used.
All antibodies were obtained from Becton-Dickinson
(Mountain View, CA). Leu 4 (anti-CD3) recognizes all pe-
ripheral blood T lymphocytes. B4 (anti-CD 19) defines a

bimolecular structure of 40 and 80 kd found on all normal
B lymphocytes. Leu 3a (anti-CD4) defines the helper/in-
ducer subset of T lymphocytes. Leu 2a (anti-CD8) defines
the suppressor/inducer subset of T lymphocytes. Leu M5
(anti-CD1 1 c) detects monocytes and macrophages. In
addition, to confirm macrophage reactivity, in select cases
monoclonal HAM56, which reacts with tissue macro-
phages but not smooth muscle, was used (Enzo Bio-
chemical, Inc, New York, NY).

Immunohistochemistry

Sections cut from frozen tissues embedded in optimal
cutting temperature compound (OCT) (Miles Scientific,
Naperville, IL) were stained using the avidin-biotin complex
(ABC; Vector Laboratories, Burlingame, CA), as we and
others have previously described.14-17 Serial tissue sec-
tions were air dried for 5 to 7 minutes and fixed in cold
acetone for 20 minutes. All antibody incubations were
performed for 15 minutes at 37°C in a moist chamber.
The tissue sections were pretreated with normal horse
serum containing 1% bovine serum albumin (BSA) in
phosphate buffered saline (PBS) and then with either one
of the monoclonal antibodies or an isotype-specific irrel-
evant control monoclonal antibody. Slides were washed
twice with PBS. The tissue sections then were incubated
with a 1:400 dilution of anti-mouse biotinylated antibody
in PBS-BSA, washed twice with PBS, and then incubated
with ABC. After washing the slides in PBS twice, they
were treated with a solution of 5 mg of diaminobenzidine
tetrahydrochloride (DAB; Sigma, St. Louis, MO) for 7 min-
utes. The sections were rinsed in tap water for 2 minutes
and counterstained with hematoxylin.

Microscopic Evaluation

Hematoxylin and eosin staining of the frozen tissues or
formalin-fixed, paraffin-embedded tissues was performed
to confirm the identity of the sampled specimens. All of
the tissue specimens were assessed histologically and
demonstrated well-preserved cellular detail. Both the ad-
ventitial and medial areas of the blood vessels were ex-
amined for inflammatory infiltrates. Approximately 10 sec-
tions of each tissue were examined.

Each tissue was assigned an inflammatory score of 0
to 4 for both the lymphocytes and macrophages present.
A score of 0 represented no inflammation, while a score
of 4 represented severe inflammation. For each tissue,
the entire frozen section was examined and the inflam-
matory scores were averaged over all areas of each tissue
section. The same scale was applied to both cell types.
The entire analysis of immunohistochemical staining was
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Table 1. Immunohistochemical Analysis of Occlusive Atherosclerotic Aortas
CD11c+

Inflammatory Percentage CD3+ CD4:CD8+ Percentage CD19+ macrophage
Case score T lymphocytes T-lymphocyte ratio B lymphocytes score

1 1 90 2.0 0 1.0
2 2 70 5.0 5 1.0
3 1 90 5.0 5 0
4 3 80 5.0 5 1.0
5 1 90 5.0 0 1.0
6 1 60 4.0 10 1.0
Groupmean+SE 1.5±0.3 80+5 4.3±0.5 4± 1 0.8±0.5

performed by a pathologist who was blinded to the disease Results
category to which the samples belonged.

For each tissue, the percentage of cells consistent General Histology and Analysis of
with the morphology of lymphocytes that were CD3 pos- Abdominal Aortic Tissues
itive was determined. Depending on the degree of inflam-
matory infiltrate, approximately 400 cells per tissue were Overall most of the abdominal aortic aneurysms and in-
counted. In those areas that were CD3 positive, serial 5- flammatory aneurysms examined had intact medial and
/u-thick frozen sections of tissue were examined to de- adventitial layers. However the intimal layer was generally
termine the percentage of cells that was also positively replaced by atherosclerosis. The intimal changes may
stained with anti-CD4 or anti-CD8. B cells were identified represent the end stage of the aortic atherosclerotic pro-
by anti-CD1 9. The tissues were assigned a CD1 1 c-positive cess. The aortic tissues examined in this study did not
score based on the number of CD1 1 c positive cells mor- show evidence of medial attenuation. Because the medial
phologically consistent with macrophages in the tissues. and adventitial areas of the aorta are integrally involved
There was some cross-reactivity noted with smooth mus- in aneurysm formation, we confined the analysis of the
cle cells using anti-CD1 1 c. These cells were excluded tissues to these areas.
based on their spindle-shaped appearance. Ham56 was The normal aortic tissues had little or no inflammatory
used to confirm macrophage reactivity in select tissues. cells present. In contrast, all three pathologic groups stud-

ied had significantly greater inflammatory scores than the

Statistical Analysis normal tissues (P < 0.05; Tables 1 to 3). The pathologic
inflammatory score corresponded to the surgical diagnosis

Differences between the mean values of groups was de- of inflammatory aneurysm, with these tissues displaying
termined using analysis of variance.18 P values less than the greatest amount of inflammatory infiltrate (mean in-
0.05 were considered significant. flammatory score of 3.0 ± 0.49, SE).

Table 2. Immunohistochemical Analysis ofAbdominal Aortic Aneurysms

CD1 1 c+
Inflammatory Percentage CD3+ CD4+:CD8+ Percentage CD19+ macrophage

Case score T lymphocytes T-lymphocyte ratio B lymphocytes score

1 3 80 6.5 30 2
2 1 20 15 0 2
3 2 60 5.5 30 2
4 3 55 10 60 1
5 1 80 20 20 2
6 2 50 5 60 3
7 3 80 3 20 2
8 2 85 25 2
9 2 85 4.3 15 1
10 3 80 4 10 0
11 2 80 4.3 25 0
12 1 20 8 80 3
13 1 70 13 10 2
14 1 80 3 0 0
15 3 75 4.3 30 0
16 2 70 7 25 0
17 3 80 9 30 0
Mean SE 2.0 ± 0.19 67 ± 5 7.6 ± 1.1 25 ± 5 1.3 + 0.2

* Represents a score of 80:1, which was not included in the analysis.
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Table 3. Immunohistochemical Analysis ofInflammatory Abdominal Aortic Aneurysms

CD11c+
Inflammatory Percentage CD3+ CD4+:CD8+ Percentage CD19+ macrophage

Case score T lymphocytes T-lymphocyte ratio B lymphocytes score

1 3 60 11 40 2
2 4 80 9 20 2
3 1 80 7 20 1
4 3 80 5.3 20 3
5 4 80 5.7 20 4
Mean±SE 3.0±0.49 76±3 7.6±0.95 24±3 2.4±0.46

Normal Abdominal Aortic Tissues

Four tissues were examined from autopsy samples of
patients who died of nonvascular causes. Among the four
tissues studied, only one had any inflammatory cells, and
this infiltrate was minimal. The inflammatory cells in this
tissue were located mainly in the adventitia. Eighty percent
of these cells were CD3-positive T lymphocytes, less than
10% were CD1 9-positive B lymphocytes, and a small per-
centage were CD 1c-positive macrophages. Because
only one of the tissues displayed any degree of inflam-
mation, these tissues were not further classified as to their
content of CD4-positive helper or CD8-positive suppressor
T lymphocytes.
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Aortic Tissues

Six tissues were examined from stenotic atherosclerotic
abdominal aortas (Table 1). Generally these tissues had
low inflammatory scores compared to the aneurysmal
aortas. The most predominant inflammatory cell type was
the CD3-positive lymphocyte, representing a mean of 80%
± 5% of the lymphocytes. The bulk of these cells were
located in the media (75% ± 13%) rather than in the ad-
ventitia (25% ± 13%) (Figure 1). The CD4-positive:CD8-
positive T-lymphocyte ratio in these tissues was approx-
imately 4:1. This ratio did not vary greatly between ad-
ventitia and media (Figure 2, Table 1). CD 19-positive B
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Figure 1. The percentage ofCD3+ T lymphocytes located in the adventitia (as compared to the media) is shown (solid bar). The
percentage ofCD19+ B lymphocytes in the adventitia (as compared to the media) is also shown (open bar). Because the number
ofCD19+ B cells within the occlusive aortas was so small, no percentage ofcells located in the adventitia is shown for this group.
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Occlusive Aortic Abdominal Aortic Inflammatory Aortic
Disease Aneurysms Aneurysms

Figure 2. The CD4+:CD8+ T-cell ratiofor aortic tissues is shown. The numbers on the abscissa represent the numerator ofthe ratio,
with the denominator equal to one.

lymphocytes represented less than 10% of lymphocytes.
There were no CD19-positive B cells in two of the six
tissues studied. Among the other four tissues, 100% of
the CD1 9-positive cells were located in the adventitia. The
overall macrophage score assigned to these tissues
ranged form 0 to 1, with the macrophages distributed
throughout the adventitia and media (Figure 3, Table 1).
Macrophages were seen near the atheromatous plaques
and scattered among lymphocytes. Figure 4 shows an

example of an occlusive aorta staining with anti-CD3.
Greater numbers of CD3-positive T lymphocytes were lo-
cated in the media as compared to the adventitia of the
aortas.

Abdominal Aortic Aneurysms

Seventeen tissues were studied in this group (Table 2).
The percentage of CD3-positive cells was less than the
percentage of CD3-positive cells found in the occlusive
aortas (mean of 67% versus 80%). Unlike the occlusive
aortas, there was a significantly (P < 0.05) greater per-

centage of CD3-positive cells present in the adventitia
(66%) compared to the media 34% (Figure 1). The CD4-
positive:CD8-positive T-lymphocyte ratio for the abdominal
aortic aneurysms ranged from 3:1 to 20:1. One tissue
displayed a ratio of 80:1. This tissue was omitted from

the analysis. Overall the mean CD4-positive:CD8-positive
ratio was 7.6:1, which was slightly greater than the 4.3:1

ratio found in the occlusive aortas (Figure 1). The per-

centage of B lymphocytes was significantly greater in the

abdominal aortic aneurysms, ranging from 0% to 30%,
with a mean of 25% ± 5% versus 0% to 10% (mean, 4%
± 1 %) compared to the occlusive aortas (P < 0.05; Tables
1 and 2). In both the abdominal aortic aneurysms and
occlusive aortas, most CD1 9-positive B lymphocytes were
located in the adventitia (P < 0.05; Figure 2). The CD1 1 c-

positive macrophage score ranged from 0 to 3, with a

mean of 1.3 ± 0.2 (Table 2). This score was somewhat
greater than the mean score of 0.8 for macrophages in
the occlusive aortas. There was essentially no significant
difference in the number of CD1 1 c-positive macrophages
located in the adventitia versus the media of the abdominal
aortic aneurysms. Staining with HAM56 confirmed the ob-
servations made with anti-CD1 1 c. Several histologic pat-
terns were seen in the abdominal aortic aneurysms as

well as in the inflammatory aneurysms. CD19-positive B
lymphocytes often were surrounded by CD3-positive T
lymphocytes. The lymphocytes often were located around
the vasa vasorum, particularly in the adventitial areas of
aorta. CD1 1c-positive macrophages were found scattered
within lymphoid aggregates. While well-developed follicles
with germinal centers were not present, many lymphoid
aggregates were seen. The distribution of CD3-positive
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Figure 3. The CD11c+ macrophage score for the media and adventitia of aortic tissues is shown for occlusive disease, abdominal
aortic aneurysms, and inflammatory abdominal aneurysms.

T lymphocytes in both the media and the adventitia of
blood vessels is depicted in Figure 5. Compared to the
occlusive aortas, many more CD19-positive B lympho-
cytes were present. There were more CD1 1 c-positive
macrophages present than in the occlusive aortas.

macrophage scores in this were higher than both the oc-

clusive aorta group (P < 0.05), as well as the abdominal
aortic aneurysm group. The predominance of CD1 1 c-
positive macrophages is shown in Figure 6. There was

essentially no appreciable difference between the location
of the macrophages within the adventitia and the media
of these tissues.

Inflammatory Aortic Aneurysms

Overall these tissues demonstrated a higher inflammatory
score than any of the other patient groups studied (Table
3). As a group, these tissues also displayed a much nar-

rower range of CD3-positive T cells than did either the
occlusive or abdominal aortic aneurysm groups. Almost
all of the CD3-positive T cells were located in the adventitia
versus the media (P < 0.05), differing from the situation
in the occlusive aortas (Figures 1 and 6). The CD4-positive:
CD8-positive ratios in this group were approximately 7:1.
This ratio was greater than that seen in the occlusive group
(P < 0.05) and the same as that found in the abdominal
aortic aneurysm group (Figure 6). CD19-positive B lym-

phocytes constituted from 20% to 40% (mean, 24%
± 3%) of the lymphocytes found in the tissues, again dif-
fering from the paucity of CD19-positive B cells found in
the occlusive aortas. Ninety-nine percent of the CD19-
positive B cells were located in the adventitia as compared
to a mean of 75% lymphocytes present in the adventitia
of abdominal aortic aneurysms (P < 0.05; Figure 1). The

Discussion

This study aimed to define the interrelationships between
CD3-positive T lymphocytes, CD19-positive B lympho-
cytes, and macrophages in the vessel wall of various
groups of diseased abdominal aortas. Representative
sections from each tissue were examined, making it un-

likely that sampling bias occurred. We found several dif-
ferences between the groups of tissues examined. A
schematic diagram of the main findings, comparing the
groups, is shown in Figure 7.

Normal aortic tissues contain few, if any, inflammatory
cells, in sharp contrast to the diseased tissues that appear
to display a spectrum of responses. The degree of reac-

tivity ranges from mild inflammatory changes found in the
occlusive aortas, to more severe changes found in the
abdominal aortic aneurysms, to the even more severe

changes found in the inflammatory aneurysms. The
amount of inflammation present in these tissues is re-
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Figure 4. Frozen section ofan occlusive aorta. Immunoperoxidase staining with anti-CD3. The adventitia is indicated by A, while
the media is indicated by M. The predominance ofCD3+ T lymphocytes located in the media of the aortas is shown (100X).

flected by the overall inflammatory score assigned to each
group, with the normal tissues having a mean inflammatory
score of 0.25 and the inflammatory aneurysms having a

mean score of 3.0. Because occlusive aortic disease le-
sions progress to aneurysmal degeneration, most inflam-
matory cells become located in the adventitia rather than
in the media of the aortas. These findings suggest that
abdominal aortic aneurysms and inflammatory aneurysms

may be considered variants within the spectrum of aneu-

rysmal disease rather than distinct pathologic entities.
In this study we found that in all of the disease groups,

the bulk of the inflammatory cells present in the media
and adventitia of the aortas were CD3-positive T lympho-
cytes, ranging from a mean of 67% to 80%. CD3-positive
T lymphocytes varied in location, exhibiting a difference
between the groups of tissues studied. In the occlusive
aortas, only one fourth of CD3-positive T lymphocytes
were located in the adventitia, while most were present
in the media. In contrast, in the abdominal aortic aneu-

rysms and in the inflammatory aneurysms, the CD3-pos-
itive T lymphocytes were found predominantly in the ad-
ventitia (66% and 99%, respectively). It is unlikely that
these findings represent changes due to attenuation of
the media because, using ocular micrometer measure-

ments, medial thickness was not attenuated in the aortic
or inflammatory aneurysms in comparison to the normal
or occlusive aneurysms. In all of the tissues, the lympho-
cytes generally were found in aggregates around the vasa
vasorum.

The finding of many CD3-positive lymphocytes in the
adventitia of inflammatory and abdominal aortic aneurysms
is not surprising. While much attention has been paid to
the histologic changes found in the intimas of atheroscle-
rotic vessels, little has been reported about the inflam-
matory cells present in the media and adventitia of the
same vessels. Swartz et al19', used histochemistry of for-
malin-fixed, paraffin-embedded tissues to study more than
700 atherosclerotic arterial blocks of aortic, coronary, cer-
vical, and iliac arteries, but did not study aneurysms. They
found that adventitial cellular infiltrates, particularly lym-
phocytic, was related to the atheroma, and that the degree
of inflammation showed a constant relationship to the de-
gree of plaque formation. They did not study the type of
cells involved by immunohistochemistry. The inflammatory
cells in the nonintimal areas of blood vessels may play a
role in the perpetuation of aortic disease.

To better understand the function of these CD3-positive
T lymphocytes, we determined the CD4-positive:CD8-



Figure 5. Immunoperoxidase staining offrozen sections ofan abdominal aortic aneurysm. A: The similar distribution ofCD3+ T
lymphocytes in the adventitia (A) and media (M) ofthe aneurysm (80X). B: High-power view ofanti-CD3+ T-lymphocyte staining
in the media of the aorta (200X). C: Anti-CD19+ staining ofa large number ofB lymphocytes in the media (M) and adventitia
(A) of the aorta (20OX). D: Anti-CD1 1c staining of macrophages scattered among lymphocytes (arrow) (510X).
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Figure 5 (continued)



*4

h:J
Figure 6. Immunzoperoxidase staining offrozen sections of an inflammatory aneurysm having an inflammatory score of 4. A: A
lou-power vieuw ofa tissue uitb CD3+ cells present predominantly in the adventitia (A) as opposed to the media (M) (20X). B and
C: Lymphoid aggregate in the adventitia showing preponderance ofanti-CD3+ T-lymphocyte staining (B) over anti-CD19+ B-cell
staining (C) (500X). CD19+ B-cell staining is inidicated by the arrow in C. D: The distribution of CD4+ lymphocytes in the same
lymphoid aggregate (50OX). E: Distribution ofCD8+ lymphocytes (arrow). 7here arefewer CD8+ lymphocytes than CD4+ cells in
any, given tissue (50OX). F: CD1I1c+ macrophages scattered throughout the lymphoid aggregate (arrow) (50OX).
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Figure 7. Diagram of a cross-sectional view of an occlusive
aorta, abdominal aortic aneurysm, and inflammatory aneu-
rysm depicting the spectrum ofdiseases studied. Representations
of the relative quantities of inflammatory cells present in the
media versus the adventitia ofblood vessels in the various dis-
ease groups is shown.

positive T-cell helper/surpressor ratio in the tissues. Within
each disease category, the CD4-positive helper cell pre-
dominated, with the CD4-positive:CD8-positive ratio rang-
ing from 4.3 to 7.6. This ratio appeared to increase as the
inflammatory scores increased. These values are consid-
erably increased compared to the ratio in normal peripheral
blood, which is approximately 2:1 .21 22 This observation is
consistent with that of Hansson et al,23 25 who found a
preponderance of CD4-positive lymphocytes in athero-
sclerotic plaques.

The function of CD3-positive T lymphocytes within
aortic tissues is unclear. However there have been char-
acteristics attributed to CD3-positive lymphocytes that may
account for their presence in aneurysmal tissue. CD3-
positive lymphocytes, particularly the CD4-positive subset,
can release interleukin-2, which causes the activation and
proliferation of CD3-positive T and CD19-positive B lym-
phocytes.26 D4-positive T cells can interact with activated
macrophages or smooth muscle cells in aortic tissue
bearing class 11 major histocompatibility determi-
nants.27-30 These macrophages or smooth muscle cells
can process foreign or autologous but altered antigen,

perhaps perpetuating an aberrant immune response. In
aneurysmal tissues, the proportion of CD8-positive T lym-
phocytes is reduced compared to normal peripheral blood.
This might contribute to activation of the immune system,
ultimately leading to destruction of the aortic wall.

CD1 9-positive B lymphocytes were rarely found (mean,
4% of total lymphocytes) in the media and adventitia of
the occlusive aortas we studied. This correlates with the
findings by others studying the intimal plaque of athero-
sclerotic carotid arteries.1' 222 In sharp contrast, one fourth
of lymphocytes in abdominal aortic aneurysms, and in
inflammatory aneurysms, were CD19-positive B lympho-
cytes. These CD19-positive B lymphocytes, if present,
were located in the adventitia of occlusive aortas. These
cells were present in the adventitia a mean of 75% of the
time in abdominal aneurysms, and a mean of 99% of the
time in inflammatory aneurysms. Furthermore, in many of
the tissues, there were clusters of lymphocytes containing
CD1 9-positive B lymphocytes surrounded by CD3-positive
T lymphocytes. CD3-positive T lymphocytes can exhibit
a variety of mechanisms for recruiting CD19-positive B
lymphocytes to sites of inflammatory reaction. For in-
stance, interleukins-4, -5, and -6 may be important in stim-
ulating the growth and differentiation of CD19-positive B
lymphocytes.31 CD1 9-positive B cells can serve as antigen-
presenting cells, much as smooth muscle cells and mac-
rophages do.323 The increase in CD19-positive B lym-
phocytes in aneurysmal tissue could result in increased
immunoglobulin deposition. Indeed atherosclerotic
plaques have been shown to contain deposits of immu-
noglobulins that are not found in nonatherosclerotic
tissue.353

CD1 1 c-positive macrophages were noted in each type
of aortic tissue studied. Their frequency tended to parallel
the overall inflammatory scores. These cells did not appear
to be preferentially located in the adventitia versus the
media within any category. Macrophages often were
scattered within the lymphoid aggregates. Macrophages
may be involved in disease pathogenesis in many ways.
They may present antigen to CD4-positive T lymphocytes
and thus perpetuate the immune response.' It may be
that mediators such as interleukin-1, after release by a
macrophage, act as a chemotactic agent for both CD1 9-
positive B cells and CD3-positive T cells, accounting for
their presence in aneurysmal tissue.37 Macrophages, as
well as vascular smooth muscle cells, can produce tumor
necrosis factor-alpha, which can induce reorganization of
monolayers of endothelial cells as well as control lipolytic
activity.',' Lipoprotein lipase is synthesized by parenchy-
mal cells of tissues, including the arterial wall.'36 Tumor
necrosis factor-alpha and interleukin-1 can suppress li-
poprotein lipase activity and thus contribute to the cata-
bolic activity of these cytokines.1'39-43 In addition, mac-
rophages can secrete lipids, including prostaglandins and
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leukotreines, and thus influence additional leukocyte re-
cruitment.19 Macrophages also may contribute to the
pathogenesis of aneurysmal disease by secreting colla-
genase and elastase, the enzymes that are likely to be
responsible for the connective tissue degradation ob-
served within aneurysmal aortas.5'"

While it is likely that aortic aneurysmal disease repre-
sents an immune-mediated response, it is also possible
that the inflammation seen in these tissues is an epiphe-
nomenon. The antigen that may drive the immune-me-
diated mechanisms seen in aortic aneurysms is not clear
at this time. However analogies can be drawn between
the findings reported in this study and the findings found
in biopsies of patients with temporal arteritis.45 Most of
the interaction seen in these temporal arteritis vasculitic
lesions appears to be between CD4-positive lymphocytes
and macrophages in response to persistent stimulation
by antigenic substances that are not easily eliminated by
inflammatory mechanisms. Cid et a145 and O'Brian46 pos-
tulated that the putative antigenic substance might be an
inert substance such as the elastic fibers of the blood
vessels. The elastic fibers could potentially degenerate
and alter their structure by the aging process. On the
other hand, lipoproteins that are extracellularly modified
may be recognized as antigenic by the immune system.1
Antibodies to phospholipids have been observed in the
sera of patients with myocardial infarction and other ath-
erosclerotic diseases.' Patients with anti-cardiolipin anti-
bodies may be at increased risk for recurrent cardiovas-
cular disease.42 Further studies will be needed to establish
the relationship between the inflammatory cells found in
the aneurysmal lesions and the progression of athero-
sclerotic disease. The role of cytokines and other factors
released by the inflammatory cells within aneurysmal aor-
tas is under active investigation in our laboratory and
should lead to further correlations between the immuno-
histochemical localization of these cells and their functional
significance.
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